Background: It has been suggested that hunger may be delayed and food intake reduced under metabolic conditions that spare carbohydrate oxidation. Objective: Our objective was to examine the role of glucose metabolism in the control of food intake in men by using mediumchain triacylglycerols (MCTs) to spare carbohydrate oxidation. Design: In 10 male volunteers, isolated and deprived of any time cues, we studied the effects of 4 lunches on hunger ratings, the duration of satiety, the amount of food ingested at dinner, energy expenditure, substrate oxidation, and plasma variables until the time of the dinner request. One lunch was a basic 2310-kJ meal containing 40 kJ fat substitute (Sub lunch). The 3 other lunches consisted of the same basic meal supplemented with either 1200 kJ long-chain triacylglycerols (LCT lunch), 1200 kJ MCTs (MCT lunch), or 900 kJ carbohydrate plus 300 kJ LCTs (Cho lunch). Results: Energy expenditure was not significantly different after the different lunches, but carbohydrate oxidation was lower after the MCT and LCT lunches than after the Cho lunch. Fat oxidation was greater after the MCT and LCT lunches. The time of the dinner request was significantly delayed after the Cho lunch. Food intake at dinner was significantly lower after the MCT lunch than after the Sub and Cho lunches, but the dinner meal request was not delayed. Conclusion: Carbohydrate may have a greater role in the duration of satiety than does fat, but MCTs may play an active role in other aspects of the control of food intake, especially in satiation at the next meal.
INTRODUCTION
Evidence indicates that in free-feeding rats (1) and in freeliving humans (2) , the postmeal interval is related to the energy intake from a meal and the rate of glucose utilization. The classic glucostatic theory focuses on signals associated with glucose metabolism measured in the central nervous system (3, 4) . The glucose signal is thought to be sensed by glucoreceptors and glucosensitive neurons in the hypothalamus (5, 6) . It was shown that a decrease in blood glucose precedes meal onset in freefeeding rats (7, 8) and humans (9) , and a recent study corroborated a synchronization between hunger and a decline in blood glucose concentrations (10) .
According to the Randle effect (11), the rate of glucose utilization is dependent on fatty acid utilization because the rate of carbohydrate oxidation appears to be modulated by the rate of fat oxidation via simple substrate competition in healthy (12) and type 2 diabetic (13) subjects. We observed that fat added to a nonfat meal delayed the time of the next meal (14) , probably because fat was oxidized and spared some carbohydrate. Therefore, if less carbohydrate and more fat are ingested, fats are utilized because fat oxidation is favored (15) . However, if fat is added to a fat-containing meal, it is likely that there is no additional effect on carbohydrate sparing and thus fat is stored (16, 17) . This finding may explain why inhibition of fatty acid oxidation by antimetabolic agents that force glucose oxidation increases food intake (18) (19) (20) (21) . The effect of ␤-oxidation inhibitors on food intake may also reflect the possibility that the lipids directly contribute to the control of food intake via the intracellular energy they provide, and it has been proposed that the hunger signal appears when fatty acid and glucose oxidation are insufficient to cover immediate expenditures (22, 23) .
To explore the role of glucose on the control of food intake, it is possible to exploit the Randle effect by manipulating fat metabolism to spare glucose oxidation (11) . The metabolic consequences of lipids depend on their type and structure (24) , mainly chain length. Medium-chain triacylglycerols (MCTs), which are more rapidly absorbed into the portal circulation and are also more rapidly oxidized in tissues than are long-chain triacylglycerols (LCTs) Substrate oxidation and control of food intake in men after a fat-substitute meal compared with meals supplemented with an isoenergetic load of carbohydrate, long-chain triacylglycerols, or medium-chain triacylglycerols (24) (25) (26) , may spare more glucose than do LCTs postprandially, and thus may prolong satiety. In a study by Flatt et al (17) , the temporal pattern of the respiratory quotient (RQ) was lower 4 h after an MCT lunch than after a low-fat or LCT lunch, indicating less glucose oxidation after the MCT lunch. Unfortunately, subsequent food intakes and satiety were not addressed in that study.
In another study from our laboratory, MCTs did not delay the request of the next meal but decreased the amount ingested at the next meal (27) . These results are puzzling because we expected a sparing of glucose oxidation by MCTs, but could not draw any conclusions in the absence of direct measurements. Therefore, in the present study we used continuous indirect calorimetric measurements and continuous blood sampling in men to examine the effect of dietary carbohydrate, fat (MCTs or LCTs), and a basic hypoenergetic lunch with identical flavors-obtained by adding a fat substitute-on nutrient oxidation, blood variables, the duration of satiety, and spontaneous food intake at the next meal, ie, dinner.
SUBJECTS AND METHODS

Subjects
Ten healthy men aged 19-24 y (x -± SEM: 22 ± 0.6 y) with a body mass index (in kg/m 2 ) of 19-24 (x -± SEM: 21.9 ± 1.7) were recruited from the Burgundy student population (Dijon, France). None of the subjects smoked, none had any personal or family history of metabolic disorders, and all had had a stable body weight over the previous 6 mo. Highly trained individuals (> 5 h physical activity/wk) were excluded. The subjects were instructed to maintain a constant pattern of activity during the study, to not change their eating habits during the study, and to avoid alcohol intake on the 2 d preceding each experimental day. A 7-d food record indicated that all subjects had a normal food pattern (ie, consumed 3 meals/d and did not indulge in either snacking or nibbling) and that their daily energy intake was 10-15 MJ from which a mean of 35% was derived from fat (range: 29-38% of energy). The protocol was approved by the Advisory Committee of Protection for Humans in the Biomedical Research of Burgundy and written, informed consent was obtained from all subjects.
Study design
The experiment was composed of 4 sessions, each lasting 10 h (from 1200 to 2200). The subjects arrived in the laboratory at 1200 and were isolated until 2200 in an individual, sound-attenuated medical suite in a residential metabolic ward at the Dijon University Hospital. The ambient temperature was kept constant at 21 ± 1 ЊC. The subjects were kept under artificial light and all references to time cues or intervals were eliminated. The subjects were instructed to not read, to listen only to classical music, and to rest but remain awake. Under these such conditions, the subjects lost track of time. When the subjects were asked at the end of each session to estimate the time, they were consistently mistaken with an average error of 40 min. Two subjects were examined at the same time and the 4 experimental days were scheduled 1 wk apart on a Tuesday, Wednesday, or Thursday. A breakfast was selected by the subjects and this same breakfast was consumed on each morning of the experimental days at 0800.
Meals
The lunch meals differed by energy content and in the nature of the fat, carbohydrate, and fat substitute added. The 695-g lunch was composed of 60 g dehydrated potato flakes plus water, 60 g mashed carrots, 100 g minced chicken, and 200 g apple sauce (99 g carbohydrate, 35 g protein, 2 g fat, and 2310 kJ). The lunch was supplemented with 1) 15 g fat substitute (the polydextrose Litesse; Pfizer, Orsay, France) (40 kJ; Sub lunch), 2) 35 g MCTs (Ceres margarine; Astra Calve, Paris) (1200 kJ; MCT lunch), 3) 32 g LCTs (40% monounsaturated, 22.5% saturated, and 17.5% polyunsaturated; Primevère margarine; CEMA, Bondues, France) (1200 kJ; LCT lunch), or 4) 50 g maltodextrin (D17; Roquette, Lesterm, France), 8 g LCTs (Primevère), and 15 g fat substitute (Litesse) (1200 kJ; Cho lunch). The Sub lunch was chosen as a basic hypoenergetic meal supplemented with Litesse (fat substitute) and was sensorially equivalent to the MCT and LCT lunches but without added energy.
A preliminary sensorial evaluation indicated that the subjects were unable to distinguish between these 4 different lunches on the basis of their sensorial cues. The effects of the 4 lunches on the control of food intake and on satiety duration were compared. The foods composing the lunch meals were chosen to correspond, as much as possible, to foods usually eaten by the subjects. The energy contents of the LCT, MCT, and Cho lunches (3510 kJ) were similar to the energy contents of the subjects' usual lunches, as indicated by the 7-d food records (3975 ± 305 kJ; Ϸ32% of the daily energy intake). The lunches were served at 1300 and the subjects were allowed 20 min to consume them. The order of the experimental sessions was randomized according to a Latin-square design.
The dinner meal was provided ad libitum as a buffet of 30 different palatable foods (Appendix A), including meats, vegetables, cheeses, desserts, bread, sweets, and drinking water. As indicated by the 7-d food records, no subject reported disliking any of these foods. There was no time limit for consuming the dinner meal.
Hunger and food intake
The following measurements related to food intake were made: 1) the hedonic value of lunch evaluated on a 100-mm visual analogue scale, 2) the time elapsed between the lunch and the spontaneous dinner request, 3) the total energy content and macronutrient composition of the food ingested for dinner, and 4) the temporal pattern of the subjects' hunger sensations, which were evaluated every 30 min throughout the experimental session on the basis of a 100-mm visual analogue scale.
Substrate oxidation and balance
The rate of substrate oxidation was continuously measured by indirect calorimetry according to Rigaud and Melchior (28) , beginning 15 min before the lunches until the time of the dinner request. Expired gases were collected via a 3-way nasobuccal mask and were stored in Tissot spirometers (Gauthier, Paris). The total expired volume was measured every 15 min and the carbon dioxide (an infrared method) and oxygen (paramagnetic method) fractions were measured with gas analyzers (Analyser Series 1400; Servomex, Paris). Total energy expenditure was calculated as the sum of energy expenditure measured during the 15-min periods from lunch until the time of the dinner request. To determine the net protein oxidation rate, all urine produced during the sessions was regularly collected and aliquots were frozen for the measurement of urea excretion with a kinetic colorimetric enzymatic method (< 5% accuracy, urea kit; Hycel Diagnostic, Lisabio Group, Pouilly en Auxois, France) in the Lisa 200 automatic analyzer (Hycel Diagnostic). From these calorimetric measurements, we calculated the net oxidation of fat, protein, and carbohydrate.
Blood and hormone variables
A 3-mL blood sample was collected every 10 min continuously, from 20 min before lunch until the spontaneous dinner request. At 1240 we slid a double cannula (Medical Technique Bioengineering, Amstetten, Germany) into an 18-gauge catheter (Adsyte 18 ga, 13/4 in; Becton Dickinson, Grenoble, France) that had been previously inserted in the forearm vein by a registered nurse. One cannula was used to continuously perfuse a heparin-containing saline solution (0.03 mL/min) that mixed in the catheter with blood continuously collected by another cannula (0.3 mL/min) without heparin infusion to prevent coagulation (29) .
Blood was immediately centrifuged (3000 ϫ g, 4ЊC, 10 min) and plasma samples were rapidly separated and stored at Ϫ40 ЊC for subsequent assay of glucose, insulin, triacylglycerols, and fatty acids; ␤-hydroxybutyrate was assayed at Ϫ70 ЊC. Glucose, triacylglycerols, fatty acids, and ␤-hydroxybutyrate concentrations were measured with an automatic analyzer (Lisa 200; Hycel Diagnostic). Glucose concentrations were measured in 4 L plasma with a colorimetric enzymatic assay with use of a glucose oxidase method (< 5% accuracy; Hycel Diagnostic). Triacylglycerols (< 5% accuracy; Hycel Diagnostic) and fatty acids (< 5% accuracy, NEFA-C Wako kit; Unipath, Dardilly, France) were measured with a colorimetric enzymatic method; both MCTs and LCTs were measured. ␤-Hydroxybutyrate was measured with a dehydrogenase method (5% accuracy, RB 1007 kit; Randox Laboratory, Antrim, United Kingdom). Insulin was measured with use of a radioimmunologic assay (5% accuracy; Bi insulin IRMA kit; Sanofi Diagnostics Pasteur, Marnes la Coquette, France).
Statistical analysis
The results from only 9 subjects were included in the analysis because 1 subject withdrew from the study after experiencing adverse effects after the MCT lunch. Because the subjects requested their dinners at different times, data were expressed as means (± SEMs) until the time at which the first individual requested a meal (ie, 300 min). To examine the possible temporal influence of metabolic variables on the time that the dinner request was made, we computed the temporal patterns of the subjects during the 195 min preceding the time of the dinner request and synchronized the values for the different subjects to the time of their dinner request. Food intakes at dinner and the temporal pattern of substrate oxidation and blood variables were compared by repeated-measures analysis of variance (ANOVA) with the time and type of lunch meal as main factors. The ANOVA was followed by a post hoc multiple-comparison Student's t test with Bonferroni correction when appropriate (P < 0.05). All statistical analyses were conducted with use of the NCSS 2000 statistical package (Statistical System for WINDOWS; Number Cruncher Statistical Systems, Kaysville, UT). Blood glucose and insulin concentrations were reported as areas under the curve (AUCs). Incremental AUCs were calculated by the trapezoidal method as the total AUC minus the mean baseline value from lunch until the time of the first dinner request.
RESULTS
Hunger and food intake
No significant differences were found in the hedonic ratings of the lunch meal: 57 ± 4.2 mm for the LCT lunch, 64 ± 2.5 mm for the MCT lunch, 54 ± 3 mm for the Sub lunch, and 60 ± 4.4 mm for the Cho lunch. Hunger ratings followed a temporal pattern and were not significantly different after the lunch meals or at the time of the dinner request (Figure 1) . However, the time to the dinner request was significantly longer after the Cho lunch than after the Sub and LCT lunches (P = 0.05; Table 1 ). Although the time that subjects were allotted to eat dinner was not limited, we noted that all subjects finished the dinner meal within 20 min. Energy intake was significantly lower after the MCT lunch than after the Sub and Cho lunches but there was no significant difference in the macronutrient composition of the 622 VAN WYMELBEKE ET AL food ingested. The only adverse side effect reported was vomiting by one subject after the MCT lunch.
Substrate oxidation and balance
The rate of energy expenditure was not significantly different after the 4 lunch meals or during the 195 min preceding the time of the dinner request, and total energy expenditure was not significantly different at the time of the dinner request regardless of the lunch type (Figure 2) . However, the RQ was significantly lower after the LCT lunch and even lower after the MCT lunch than after Sub and Cho lunches (ANOVA: time effect, P < 0.001; lunch effect, P < 0.001). During the 195 min preceding the time of the dinner request, the RQ remained significantly higher after the Cho lunch than after the 3 other lunches, except during the 15 min preceding the time of the dinner request (ANOVA: time effect, P < 0.001; lunch effect, P < 0.001). This finding reflected the significant differences in the rate of fat oxidation (ANOVA: time effect, P < 0.001; lunch effect, P < 0.001) due to significantly higher amounts of lipid oxidized after the LCT and MCT lunches (Figure 3) . Note that fat oxidation increased more quickly after the MCT than after the LCT lunch, being significantly higher from 30 to 60 min after these lunches. Compared with the Sub lunch, fat oxidation was 62% greater after the LCT lunch and 80% greater after the MCT lunch. Compared with the Cho lunch, fat oxidation was 90% greater after the LCT lunch and 110% greater after the MCT lunch ( Table 2) . Lipid oxidation remained significantly higher after the MCT and LCT lunches than after the other 2 lunches until 120 min before the time of the dinner request (ANOVA: time effect, P < 0.001; lunch effect, P < 0.001). At the time of the dinner request, the subjects had oxidized almost twice as much lipid after the MCT and LCT lunches than after the other 2 lunches ( Figure 3 and Table 2 ; P < 0.001). Conversely, at the same times, carbohydrate oxidation was significantly lower after the MCT lunch than after the 3 other lunches and remained so for Ϸ3 h.
Throughout the entire experimental period, carbohydrate oxidation was significantly lower after the MCT lunch than after the Cho and Sub lunches (ANOVA: time effect, P < 0.001; lunch effect, P < 0.001; Figure 3 and Table 2 ). In our study, compared with the Sub lunch, the added 35 g MCTs decreased carbohydrate oxidation by an equivalent of only 11.9 g at the time of the dinner request compared with 7.7 g with an isoenergetic amount of LCTs (32 g) ( Table 2 ). During the 195 min preceding the time of the dinner request, carbohydrate oxidation was higher after the Cho lunch than after the 3 other meals from -105 to -60 min before dinner (ANOVA: time effect, P < 0.001; lunch effect, P < 0.01). No significant differences in protein oxidation were observed (data not shown).
Substrate balance at the time of the dinner request was calculated as the difference between the amount of carbohydrate or fat ingested at lunch and the amount oxidized from the time lunch was consumed until the time of the dinner request. Fat balance was clearly positive after the 2 high-fat lunches (19.4 ± 4 g fat stored after the LCT lunch and 20.6 ± 1 g fat stored after the MCT lunch; P < 0.001) but was negative after the Sub lunch (Ϫ7 ± 1 g) ( Table 2 ). Carbohydrate balance was positive after all 4 lunches, but was significantly greater (74.6 ± 6 g; P < 0.001) after the Cho lunch than after the 3 other lunches.
Blood and hormone variables
The time courses of blood glucose concentrations were significantly different after the 4 lunches (ANOVA: time effect, P < 0.001; lunch effect, P < 0.05; Figure 4) . The total glycemic response, as expressed as the AUCs, was clearly higher after the Cho lunch than after the 3 other lunches (P = 0.01), and plasma glucose concentrations peaked to a significantly greater value after the Cho lunch than after the MCT and LCT lunches (P < 0.001). Note that although the Sub, MCT, and LCT lunches provided approximately the same amount of carbohydrate, blood glucose concentrations increased more slowly after the MCT lunch and peaked at a significantly later time than it did after the 3 other lunches (91 ± 7 min after the MCT lunch, 57 ± 5 min after the LCT lunch, 54 ± 4 min after the Sub lunch, and 61 ± 4 min after the Cho lunch; P < 0.001, ANOVA). A time effect appeared during the 195 min preceding the time of the dinner request (ANOVA: time effect, P < 0.001).
Plasma insulin concentrations followed a similar pattern, with an early peak being significantly greater after the Sub lunch than after the MCT and LCT lunches. Again the difference was larger after the Cho lunch than after the 3 other lunches (ANOVA: time effect, P < 0.001; lunch effect, P < 0.001; Figure 4) . Total insulin secretion, estimated by the AUCs, was also significantly greater after the Cho lunch than after the 3 other lunches (P < 0.001), whereas the peak insulin response (Figure 4 ) was delayed after the MCT lunch relative to the response to the 3 other lunches (97 ± 8 min after the MCT lunch, 56 ± 4 min after the LCT lunch, 62 ± 6 min after the Sub lunch, and 66 ± 4 min after the Cho lunch; P < 0.001). During the 195 min preceding the time of the dinner request, the only significant differences in insulin responses were between Ϫ10 and 0 min after the MCT lunch (ANOVA: time effect, P < 0.001). Note that at the time of the dinner request, both plasma glucose and insulin concentrations were still significantly higher after the MCT lunch than after the 3 other lunches (P < 0.05 and < 0.01, respectively). Because of the inhibition of lipolysis, plasma fatty acid concentrations decreased abruptly from 30 to 90 min after the 4 lunches, ie, when plasma glucose was at its peak (ANOVA: time effect, P < 0.001; lunch effect, P < 0.001; Figure 5 ). However, after the MCT lunch, plasma fatty acid concentrations remained significantly greater than after the 3 other conditions for > 4 h. Before dinner, plasma fatty acid concentrations increased progressively from Ϫ130 min until the time of the dinner request (ANOVA: time effect, P < 0.001). At the time of the dinner request, plasma fatty acid concentrations did not differ significantly between the 4 lunches.
The course of plasma triacylglycerol concentrations ( Figure 5 ) was significantly different after the 4 lunches. Although triacylglycerol concentrations decreased for Ϸ3 h after the Sub, MCT, and LCT lunches, they increased progressively after the LCT lunch (ANOVA: time effect, P < 0.001; lunch effect, P = 0.05). As a consequence, plasma triacylglycerol concentrations were significantly higher from 120 to 300 min after the LCT lunch, although this difference had disappeared by the time of the dinner request. During the 195 min preceding the time of the dinner request, plasma triacylglycerol concentrations were higher after the LCT lunch than after the 3 other lunches (ANOVA: lunch effect, P < 0.001).
After the MCT lunch, plasma ␤-hydroxybutyrate concentrations increased and peaked 60 min later. Concentrations then decreased but remained significantly greater by Ϸ10-fold after the MCT lunch than after the other 3 lunches (ANOVA: time effect, P < 0.001; lunch effect, P < 0.001; Figure 5 ); differences were also noted during the 195 min preceding the time of the dinner request (ANOVA: time effect, P < 0.001; lunch effect, P < 0.001). However, at the time of the dinner request, plasma ␤-hydroxybutyrate concentrations were significantly lower only after the Cho lunch (P < 0.05).
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VAN WYMELBEKE ET AL . Mean (± SEM) temporal fat and carbohydrate oxidation after 4 lunch meals from before lunch to the time of the first dinner request (left panel) and during the 195 min preceding the time of the dinner request (right panel), the values for which were synchronized to the time of the dinner request. There was a significant time ϫ lunch interaction for fat oxidation in the left panel (P < 0.001) and for carbohydrate oxidation in both panels (P < 0.001). ٗ, basic meal with 40 kJ fat substitute (Sub lunch); ᭛, basic meal plus 900 kJ as carbohydrate and 300 kJ as long-chain triacylglycerols (CHO lunch); ᭺, basic meal plus 1200 kJ as medium-chain triacylglycerols (MCT lunch); ᭝, basic meal plus 1200 kJ as LCTs (LCT lunch). The filled symbols are significantly different from the open symbols at the respective time points; the gray symbols are not significantly different from the open or filled symbols (Student's t test with Bonferonni correction after ANOVA). For the sake of clarity, error bars are only given for the maximum and minimum values at each time point. n = 9. Bars represent total fat and carbohydrate oxidation: a and b are significantly different (ANOVA followed by Student's t test with Bonferonni correction). 
DISCUSSION
This study was designed to evaluate the role of glucose and its metabolism on the control of food intake in humans. To this end we compared the effects of a basic lunch (Sub lunch) and the same basic lunch supplemented with carbohydrate (Cho lunch) or fat (MCT and LCT lunches). The hypothesis was that carbohydrate oxidation would be lower after the MCT lunch than after the LCT lunch and that the glucose spared would delay the following meal request and modify subsequent food intake.
The finding that carbohydrate oxidation was significantly greater and fat oxidation significantly lower after the Cho lunch meal than after the other lunches is consistent with the results of previous studies (17, (30) (31) (32) and with the paradigm that carbohydrate balance is autoregulated (17, 30, 33) . The finding in the present study that fat oxidation was significantly greater after the MCT and LCT lunches than after the other 2 lunches differs from the findings of some of the above-mentioned studies, which indicated that the addition of fat to "usual" meals does not increase fat oxidation (16, 17, (30) (31) (32) (33) . However, these differences could stem from differences in the methods used, eg, the amount of fat added in some of these studies exceeded usual energy requirements. On the other hand, the possibility that metabolic fat utilization increased as the fat content of the meal increased was also observed by Griffiths et al (15) .
The finding that the Cho lunch resulted in a significantly positive carbohydrate balance at the time of the dinner request (30-40 g; Table 2 ) and significantly prolonged satiety 40-50 min postmeal (Table 1) is consistent with the hypothesis of a predominant role of carbohydrate metabolism and cellular glucose availability on the control of food intake and, more specifically, on the duration of satiety. This finding agrees with the findings of Raben and Astrup (34) , ie, that there is a good correlation between the total energy contents of different foods, particularly 626 VAN WYMELBEKE ET AL . Mean (± SEM) temporal plasma fatty acid, triacylglycerol, and ␤-hydroxybutyrate concentrations after 4 lunch meals from before lunch to the time of the first dinner request (left panel) and during the 195 min preceding the time of the dinner request (right panel), the values for which were synchronized to the time of the dinner request. There was a significant time ϫ lunch interaction for the 3 variables in the left panels (P < 0.001) and for fatty acids (P < 0.01) and ␤-hydroxybutyrate (P < 0.001) in the right panels. ٗ, basic meal with 40 kJ fat substitute (Sub lunch); ᭛, basic meal plus 900 kJ as carbohydrate and 300 kJ as long-chain triacylglycerols (CHO lunch); ᭺, basic meal plus 1200 kJ as medium-chain triacylglycerols (MCT lunch); ᭝, basic meal plus 1200 kJ as LCTs (LCT lunch). The filled symbols are significantly different from the open symbols at the respective time points; the gray symbols are not significantly different from the open or filled symbols (ANOVA followed by Student's t test with Bonferonni correction). For the sake of clarity, error bars are only given for the maximum and minimum values at each time point. n = 9. the carbohydrate content, and their satiation power. Raben et al (35) also noted a positive correlation between satiety and carbohydrate oxidization but an inverse correlation between satiety and fat oxidation.
The positive correlation between glucose utilization and the duration of satiety may stem from the rate of intestinal absorption of glucose. It was suggested that the decrease in blood glucose, which initiates food intake, may be due to a decrease in intestinal metabolite absorption, particularly glucose (36) . It is now clear that acute changes in blood glucose concentrations have a major effect on both gastrointestinal motor function and gastric emptying (37) (38) (39) . There is an inverse relation between the rate of gastric emptying and blood glucose concentrations, ie, gastric emptying is slower during hyperglycemia and faster during hypoglycemia (39) . In the present study, the higher blood glucose and insulin concentrations after the Cho lunch may have slowed gastric emptying, which delayed the hunger sensation and promoted satiety. However, the addition of either MCTs or LCTs to the lunches did not allow enough glucose to be spared to delay the time of the dinner request. This finding supports a minor direct role of lipid availability in the duration of satiety. Flatt et al (17) showed that 10 g carbohydrate was spared after the substitution of 40 g MCTs for 50 g LCTs. Preliminary tests in our laboratory indicated that the triacylglycerol content of a meal should not exceed Ϸ35 g because of the adverse effects that are associated with higher doses. Because the difference in carbohydrate oxidation between the MCT and LCT lunches was small (ie, 4.2 g), we concluded that carbohydrate oxidation was not spared more with the MCT than with the LCT lunch. A theoretical computation based on the equation proposed by Rigaud and Melchior (29) , modified assuming the exclusive oxidation of an equimolar mixture of C 8 and C 10 fatty acids after the MCT lunch (corresponding to an RQ of 0.731 instead of 0.711 for the oxidation of typical dietary triacylglycerols), indicates that this difference in carbohydrate oxidation would be ≤ 7.9 g, rather than 4.2 g as indicated by our results; however, the difference was insignificant. However, because of type II error, it is possible that a significant difference was not found because of the relatively small number of subjects. The CI indicated that the maximum amount of carbohydrate spared would be 14.2 g. The addition of Ϸ50 g carbohydrate to the basic lunch delayed the dinner request by Ϸ50 min (Ϸ1 min/g) and resulted in a longer duration of satiety (8.1 min; NS) after the MCT than after the LCT lunch, with 4.2 g carbohydrate spared. This finding supports a specific role of glucose availability in the maintenance of satiety.
The main finding that ingestion of the MCT lunch resulted in less food consumed at dinner than did the other meals indicates that MCTs have a higher satiation power than do other fats and carbohydrate (27) . However, the reason why the duration of satiety was not longer after the MCT lunch than after the LCT lunch is unclear. There is some evidence that dietary fat structure influences short-term energy intake. Rolls et al (40) showed that the consumption by humans of mixed preloads containing 24% MCTs and 6% LCTs 30 min before lunch resulted in less food consumption at the next meal than did a preload containing 30% LCTs. This immediate effect indicates preabsorptive mechanisms. In contrast, Maggio and Koopmans (41) and Satabin et al (42) showed that gastric loads of MCTs or LCTs in rats had the same suppressant action on short-term food intake.
The lower food intake at dinner after the MCT lunch than after the other meals could also be accounted for by the finding of Fielding et al (43) , ie, that after the consumption of a breakfast with a high fat content, the postprandial peak of the major fatty acids is followed by a second peak, which occurs at the beginning of the next meal. In the present study, less food was consumed at the dinner after the MCT lunch possibly because plasma fatty acid concentrations were higher after the MCT lunch than after the other 3 meals.
A third possibility relates to insulin and glucose concentrations at the time of the dinner request, which were the only blood variables that were significantly different between the MCT lunch and the other 3 lunches. Note that the only significant differences in blood variables at the time of the dinner request were plasma glucose and insulin concentrations after the MCT lunch compared with the 3 other lunches. Schwartz et al (44) reported that there is a relation between plasma and cerebrospinal fluid insulin concentrations, ie, a physiologic increase in plasma insulin produces significant elevations in cerebrospinal fluid insulin within 30-60 min. Insulin may pass through the blood-brain barrier in the vicinity of the third ventricle. In addition, intraventricular insulin administration reduces food intake (45) (46) (47) (48) . The higher satiation power of MCT could thus stem from a specific central action of insulin mobilized in the periphery.
Taken together, the results favor a specific role of glucose cellular availability in the control of food intake and the satiety duration, a potential role of lipids in the satiety duration, and a weak role of lipids in the satiety duration. Further studies are required to determine the relation between eating behavior, metabolic rate (substrate oxidation and blood variables), and gastric emptying to delineate the respective roles of glucose and lipids in the control of food intake.
